In 7 patients with paroxysmal atrialflutter, the monophasic action potential of the right atrium was recorded, using a suction electrode catheter technique. In all, 34 arrhythmic episodes were recorded and analysed; each episode of arrhythmia being initiated by a premature beat. It was possible to record only one or two flutter waves following an atrial premature beat. The wide variation of the vulnerable period and critical modifications of the refractoriness of the atrial myocardium may explain the onset and the cessation of paroxysmal dysrhythmic episodes. (Olsson, I971, 1972).
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In 7 patients with paroxysmal atrialflutter, the monophasic action potential of the right atrium was recorded, using a suction electrode catheter technique. In all, 34 arrhythmic episodes were recorded and analysed; each episode of arrhythmia being initiated by a premature beat. It was possible to record only one or two flutter waves following an atrial premature beat. The wide variation of the vulnerable period and critical modifications of the refractoriness of the atrial myocardium may explain the onset and the cessation of paroxysmal dysrhythmic episodes.
Experimental studies (Hoffman et al., I959) have shown that monophasic action potentials recorded with a suction electrode from isolated perfused rabbit hearts have the same shape and duration as transmembrane action potentials obtained with intracellular microelectrodes. It was also suggested that the study of the monophasic action potential from intact human heart may provide additional information about the electrophysiological events during sinus rhythm and various arrhythmias (Olsson, I971, 1972) .
In a former study it was found that monophasic action potential recordings during the transition from atrial flutter to sinus rhythm, which followed DC shock, showed a progressive prolongation of the duration of flutter complexes. When a critical duration was reached sinus rhythm occurred spontaneously. These data were interpreted as the expression of the prolongation of the refractory period of the atrial muscle which may interrupt the re-entry mechanism.
The present paper describes the data observed in 7 patients with paroxysmal atrial flutter and fibrillation where 34 episodes of arrhythmia were recorded, where it was possible to study the onset as well as the spontaneous cessation of the arrhythmic episodes.
Technique and subjects A bedside method, as previously described (Gavrilescu, Cotoi, and Pop, 1972) , using bipolar suction electrode catheters, allowed the recording of the monophasic action potential from the intact human heart.
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Seven patients, age 40 to 63, were studied. All of them were complaining of recurrent attacks of arrhythmia associated with palpitations and sometimes with dizziness. Atrial flutter was diagnosed at the time of paroxysms on standard electrocardiograms. In 3 ofthe patients short bouts of atrial fibrillation were also noted. The history of these arrhythmic episodes ranged from 2 tO 4 years. None of the patients had severe underlying heart disease or signs of congestive heart failure, but there was a hyperthyroid state in 3 patients. The paroxysms of flutter were often associated with nervous or physical strain.
In order to have additional information about the nature of arrhythmia, monophasic action potential recordings were performed. No antiarrhythmic drugs were given 3 days before, and no premedication, all the patients being in sinus rhythm. During the recording short bouts of atrial flutter occurred in our patients, lasting from a few seconds to four minutes. In Cases 2 and 6, besides atrial flutter, episodes of atrial fibrillation were also recorded. In Case 4, carotid sinus massage induced short periods of atrial flutter and, on two occasions, atrial fibrillation. In all but one case, sinus rhythm was resumed spontaneously. In Case 7 paroxysms of atrial flutter were recorded repeatedly and a stable sinus rhythm was obtained only after intravenous injection of 0z2 mg acetyldigitoxin. In all the cases studied the suction was maintained for about 5 minutes and then repeated, in order to record several transitions from sinus rhythm to flutter and vice versa. Right atrial monophasic action potential duration was measured on the baseline, and the vulnerable period was estimated. The coupling index (Kiflip and Gault, I965) was also established for each arrhythmic episode.
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Results
Thirty-four episodes of paroxysmal atrial flutter and fibrillation were observed and recorded. In each case the onset of the arrhythmic episode was initiated by an atrial premature beat. The vulnerable period and the coupling index of the initiating premature beat showed considerable variation from case to case, but remained within close limits for the same patient (Table) . In Case 4, in which atrial flutter and fibrillation were induced by carotid sinus pressure, the coupling index was very short, due to bradycardia induced by the procedure. The principal data obtained in our patients, including the right atrial monophasic action potential recordings, are shown in the Table. Fig. i and 2 illustrate the starting mechanism of atrial flutter in Case i. An atrial premature beat falling in the vulnerable period of the atrium may be followed by a short run of flutter waves (Fig. i) or by only one or two such waves as in Fig. 2 .
In Case 4, short attacks of atrial fibrillation could be induced during carotid sinus stimulation (Fig. 3) .
It is interesting to note that the first flutter beat which follows the initiating atrial premature beat has a monophasic action potential duration between i6o and 230 msec, while the duration of monophasic action potential of flutter waves during the arrhythmia ranged between I35 and igo msec. The relation between the duration of right atrial monophasic action potential during atrial flutter and the pre- preceded by an atrial premature beat with a short coupling index of about o048 per cent. In patients with acute myocardial infarction in whom an intracavitary electrocardiogram was monitored, it was found (Bennett and Pentecost, I970) that atrial fibrillation was initiated by an atrial premature beat followed by atrial tachycardia of about 340 a minute, then the ectopic rhythm changed into the fibrillation pattern. It was assumed that the change of atrial wave shape which precedes the spontaneous cessation of atrial fibrillation was due to the slowing of the ectopic focal discharge. The onset, course, and termination of short paroxysms of atrial flutter and fibrillation were analysed in 2 patients in whom episodes of arrhythmia were repeatedly induced by carotid sinus compression (El-Sherif, I972). Analysis of the recovery phase of arrhythmic episodes showed evidence in favour of re-entrant activity. On the other hand, the occasional demonstration during ectopic rhythm of different types of regular tachysystole was interpreted in favour of the focal theory.
Our data suggest that episodes of paroxysmal atrial flutter and fibrillation occur in patients who present a high degree of atrial vulnerability, as shown by the extent of the vulnerable period (between 280 to 480 msec) and the wide variation of the coupling indices (between 0-20 to o-8o). The shortest coupling indices (0o20 to o045) were followed by atrial fibrillation and occurred during carotid sinus stimulation which shortens the atrial refractory period (Abildskov, Millar, and Burgess, I97I) .
The limit of the atrial vulnerable period found in ourpatients was between28o and48o msec, compared with i8o to 280 msec found by Haft et al. (i968) in 3 normal subjects in whom episodes of atrial fibrillaion were induced during atrial pacing.
Experimental studies (Antoni, 1972) have shown that the duration of the action potential of a premature beat is shorter when it appears earlier after the preceding sinus beat. The short duration of the action potential which expresses a short refractory period, allows the re-entry, and the succession of atrial monophasic action potential complexes, as shown in Fig. 2 and 3 .
The spontaneous termiination of the flutter episodes also deserves a few comments. A progressive prolongation of the monophasic action potential duration of the flutter waves was observed after DC shock, and it was supposed to represent a critical prolongation of the refractory period of the atrial myocardium, which interrupts the re-entry mechan- (Table) . Paper speed 50 mm/sec. (A) An episode of atrial flutter (F), interrupted by one atrial premature beat (EB) initiating the relapse of the arrhythmia. (B) In the same patient, a sinus beat (SB), followed by an atrial premature beat (EB) and one flutter wave (F). The identity between the two extrasystoles (EB) can be noted.
ism (Gavrilescu and Cotoi, I972) . We do not know whether the flutter stops because the atrial rate decreases or because the refractoriness of the atrial muscle is increased, but we consider the latter explanation to be more plausible.
The short right atrial monophasic action potential duration, during sinus rhythm, found in Cases I, 2, and 5 may be correlated with a hyperthyroid state, a condition in which such arrhythmias are common (Cotoi, Constantinescu, and Gavrilescu, 1972) .
The data mentioned above suggest that critical modifications of the refractoriness of the atrial muscle can have an important role in the onset and cessation of paroxysmal atrial flutter and fibrillation. The high degree of atrial vulnerability and the facilitating role of the re-entry by a short refractory period may explain the paroxysmal character of dysrhythmia. The observation of one case in which the atrial flutter is interrupted by one premature atrial beat and relapses without any sinus beat (Fig. 6) 
